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(54) NONAQUEOUS ELECTROLYTIC SECONDARY 
BATTERY 

(57) Abstract: 

PURPOSE: To provide a reliable secondary battery which 
is excellent in large current charge and discharge 
characteristic with high voltage and high energy 
density, has high charge and discharge efficiency, and 
is free from the generation of a failure such as 
internal short-circuit due to dendrite generation, and 
stable with a long cycle life. 

CONSTITUTION: In a nonaqueous electrolytic secondary 
battery consisting of at least a negative electrode 13, 
a positive electrode 15 and a lithium ion conductive 
nonaqueous electrolyte, a lithium-contained silicon 
oxide having a composition formula represented by 
Li x SiO y and regulated so that lithium content x and 
oxygen content y are 1 .52x24 and 0<y,2, respectively, 
is used as negative electrode active material. More 
preferably, a positive electrode having, as positive 
electrode active material, a transition metal oxide 
selected from Co, Ni, Mn, Fe, V, W, Nb and Ti, 
particularly, a lithium-contained transition metal oxide 
is combined with the above negative electrode. Thus, the 
potential of the negative electrode active material is 
low and base, the charge and discharge capacity in the 



base potential area of 0-1 V to metal lithium is 
increased, and the polarization (internal resistance) in 
charge and discharge is minimized. 
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(57) Qgft] 

x. msmmiiLxim&tfb i» s i o y T*/r;$ 

£4, &tfO<y<2 4uS:6lWC*1Wanfey^9A* 
©Sill/tCo, Ni, Mn, Fe, V, W. NbW 

?A(c*tUT 0~ 1 v©#*tfWfiE^K»tt**E*** 



// 8&>T-2 

/ /2 




/6 y 

/7 iE*fe>r-x 



1 

IrVt, JMBSfcKfcLTlBfcSLix S iO y 

n. u^^A^fifMxfcWHiyj^n-erii. sgx 

^4, 0<y<2T**y^9i**«'!r>fJWMfcftS:ffl 

A*#>r>rjWMW&L i x SiOy $:iStijSi:-rs 
ftfifc. «B«B£dWK»Uf-9Afrd«-Brr, SMI 
b < ttmSBtn^ftT-®J*SlCJ:oT U 

fcEKi: 3 £ 1 KHB«®* 

[ft#£3] U*-*A£#*x#l. 5^x^3. 9 
T?**y^Ok^*>rj|«Hl3*Li x SiO y 

[ff #*4 ] BH&Hfc bT, Mlfcfetf L i a T b 
L c Od XifiZtU TttCo, Ni, Mn, Fe, V, 
W, N b&t>*T i (D$frbM\ltlt-—ffi>Ah<D^£M 
7tJ$t> LttB, Si, P, Mg, ZnfttfCu0>**6 

3BiinfeiaeLh®7a6"e*y» a, b, ci*we*i 

0<aSl. 15. 0. 8gb + c^l. 3, OSc, 
1. 7^d^2. 5-ea&e«SSMK*S:fflV>fcifcS:4* 

DBW«5] iEWmmtLX 3 0 0-450' CO) 
< £*»cj:oTf£:=mv>#>#y^A£^ 

i y ©y^^A-^Sx^^at^Bcso 
tfft«© y * -> & ^ u fc £ *: * * «* 

[M#*73 iEHJS^SilbT, «fiJW««L i x Mn 

o y mu o^x^4, i^y^3) •cjeansy^ 

«lS.t>'3{C|^(D^7K«fi?^^t®tL , 
[ft*S8] y^A^4x##«&tfi&fc®<Z>^-f 
tuo^icfevvr^o. 0 5^x^3i:*;S^c, IE® 

±.(Dm^x&$$Lik&to* b < im&to*. 3 0 0 ~ 1 
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2 

1 0 o° c^mmx'umaMhrm^ti^^ms^m^ 

BMW 10] iHHSttftfcbT, U^^^fflUfb 

a^xttgaat^fc b < imsm* 300-450 

awwi 13 mms&mmLftx\ xi«bh 
m<Dm.izi5^xwm : b^<itwmx\ tr^mm 

-fM&SiOy «&U 0<y<2) ty^^A=bb<« 
y^-9ASrS*1***Rfcft» ^SiOy *©^r-f^c 
ft-tsy^ACD^l/JfcL i/S i#l. 5~4. 0(D 

m$xmmtmtoizimttxmbn&&^z&w$ 

[0 0 0 1] 
[0 0 0 2] 

*bv^%HJcffv\ «Pi:bTO«?atcMb^«?3fEffi* 
[0003] SfeR, iffl«©zyJc«l!^iE«S4Mttb 

rut. MmMjtommizmrti^sm^^^^ 

©tfjlV*ttl*tVtV*<&. SilCD*-*^}*. Ti S2 , M 
0S2, NbSe3 *$<D&M%n'3>fyitMPP> MnO 
2 , M0O3 , V2 O5 , Li x C0O2 , Li x Ni 
O2 , L i x Coi-y N i y O2 , Li x Mn2 O4, 

l i x Mno 2 ^v&mmwm* ©t£«- |g*©MIHI 
^*mi@x«*&7f»^cy^^A>r5f> (*^^- 

nymm\z.m&A>)1rz>*4zr. m2o>*4rf\*. 
jKur-yx jj<yt?n-;k 3Ky/^7xxu>^cD 

BHK-^His^yffiAy-rs^-f^. H3©^ 

[0 0 0 4] A«fSftfti:bT»*. A«y^9A 



U\ LfrL'P, T^lc^y^ArfM&hlcf^h' 

SS:^-r-5fc«), ftSWIMtfcbT (l) UiPtfAi: 
Al, Zn, Sn, Pb, Bi, C d^^Dftfi^Mi:©-^ 
A (2) WO2 , M0O2 , Fe 2 O3 , Ti S2 , 
L i x C o i-yN i y O2 » L i x WOy %£0yf8$Mt& 

[0 0 0 5] Lfrl/P> Httic. A®?S^HSi: UT±SB 

<Dmte&m u f aj^<z> u ? a -f * > sis^ffi'sr 

y^>7A£:Al, Zn, Pb, Sn, Bi, Cd^ 
&£JBw&#£-lc»:o. 2~o. 8V, ^-y^-tfA 
Mr^fb£$rc*iio~i v, M0O2 WO2 ^©y^ 1 ? 

A^tf^Aft^arCttO. 5-1. 5Vfl3Mffi*H£ 
[0 0 0 6] X. U ^ AJ^<z>^&A^J&Mii£ 
*fl&WL<fl£T**. MIC, ±|B© (1) <DV*VJ* 

*^v>tvxe»53iE^fe-6„ (2) <DV?-V2*mfflit&&>) 

m.im^£^X&&&&. (3) ©^©ffitftH^ 
^tcii, ftttttS*. #lc^MSy©2Sx^**M>S 

[0 0 0 7] mW£. «x*;idM»flre» 

[0008] mz. *mmm\i~ tm&h i x sio 

y (fiU OSx. 0<y<2) T-jj^tlSy^Afc 
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4 

^AS^fil (^JSU^A) lC^U>^<i: : b0~3V 

ffiM^fca»L,fc (WWM-2 6 5 1 79, IW 5 - 
35851, NI5- 1 6 2 9 5 8^9 „ 
[0 0 0 9] 

sflac^ygfcy^f A*^-{r>fJWWfc«Lix sio y & 

[0 0 10] iti&CMKH&ll'***. ^fbif&Lix 
S i O y fctf+fctfUBttiiy^tf A^fr&J***itti: 

*Mb*»KlL i x S i O y 4nc 'J?-? A>f;*> fcil&jlt&x' 
ffiS-fr, #JS@©y^?A^;i;x£«£^t*StfIi:cD 

apt>^iefb^L i x s i o y wzm&it^mzw. 
m&&x*% zvr v m *y-mz \mm#8> y > b.-o u 

^A^ixtC^oTL i x S i O y ttffi©£* (W 

i x SiOy ggHttytC<fco-Ct)Mfc£#. x>4 
T-l*rtUJU:y5 L '7A-f>i->*^Sl«3n{C<< > SSffi 

\zmLftw$mtt\zMz\-rz\£ttftfr-Dt-„ x 3t« 

^©ijcmic^v^fe, X<1. 5Ttt^f>tt»J4MB«<*S 

*>, U^-f AfWf-ST-fJWHMIfL i x SiOy fct. ^ 
lyCtotW^Al »Jf^«tIx««l. 5^ 

x ^ 4 ©fSHT-3fcK«E$tf>£« (WSP^l) AVJnS < , 

mwt%-r-& y, bTc^acwwfca^nT v * 

[0 0 11] 

[^n?:fti^t-'Sfei?)0#m] ±ia®«i«^p 
fmmtLx. i?a^Lix siOy T*^stu y^>7 

A^gxi:SggSy*^*l^ttl. 5^x^4, 0< 
y < 2 T'feS y A^W^r-f XKf Bftfr&J&S 'J ^ ^ 
A-f^>®l&6J(ffi"Brte^S:fflV>S 0 fiP*>, ^<DM^« 



5 

tt£flWfc*«:J§V*<&. ^©ffi^gtfbWT'W'J^OA© 
W*±£bT^*>T-&5ri:*>W* U>#i&1*bt) 

[0 0 12] #3i^«a&©iMi?£^fcbTfflv^*i£ 
1. 5^x^4. 0<y<2) 0)ffSU>fljfi£tS£b 

rti^©Mf4&iim^«^s> %m\za y 7 h v-r xx 
z>i?&m* ©a* <D-m£tf*imx*&z. z&miz bxm 

14, ffl«M^»«3«»ffl^J:o-r=bM«:S^, 4 0 
0* CRhT'^£#^IBT'&>h »*L<ti600° C 

« 8 o o° cRi«iarc^^ mt Amwr^wrnvfo 

6 0 0~8 0 0* c©i&saw*bv\, 

tooi3] zn*(Dm^n<M&er&a>*x\ v*-*? 
i*<wt&W3$n hxmt y a l 1 2 o, #gwty^ 

^ALiOH, Li2 CO3 X«LiN03 ^©^-^ 

ti e> ©*fn^* <DWJ®#m\z ti »J SKb U * * A & * 
j&1-5U^?Afti^!i£fflv\ ^^©fi^Si: bT>!r 

>f ipifM-j t < &>r-f fSt©<ga8$Hbfes i oy «au 

0<y' <2) -?-*ie>©ig^£* 

jKWfli^ffii»**> b < ba < 

smtm&X'&vmizKt 

[0014] x mmsmiz^^moMt^itLxym 

LT*SMfcU^-f A*fefflvxfe«^ci*. waste «t 
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6 

»y, u^^Aii*^«#-r-&3i:feBriiT*feu, * 
$W!£-a**i*. Htc y^*iv&L<i«-©ft£4ft& 
tfTjmbvatzaxt&mtmz. -j-mi^a, *y 

15 A, A^cDfl6©T;v*y^Mv V^J/f 

a, *^s/^^^r^*yJdftfeiiRtf/xi4«. - 

>v>r;k artfl/K /i-f-WI*. — 

t;i/?-^a, -f>y^A, trxvx #u?a, 

« y>#*©*©fls 
©&n* fe»t*&ii7aiw)***» b < »«*ie>©fls£4fc 

y*tfA#ft©A*fc b < V*VJ*RXPr>( 
[0 0 15] £©tWCl/C#&*lfcy*-tfA£#*>f* 

iMttfeHu d*v&*©£ * *> b < i&miz «fc y«W¥®K 
^>ii!l^©inx&«6bfe^c^fi^S!®Ha bTfflvxsz: 
X, TK©*n©#8si:HHWc, ^©'J^ 

«^A*ff<r>f m$n\M£ y a% b < t*y A&-3- 

i%>T4m&^\zw<zv^u4*vmm&tti>\ 
yL\tmzz.om^cm^ u ^-^A-f *y znmtt 
s^ttcky, y^^A«**s^wwxi*i«^s«fc% 

[0 0 16] S-©7^£li, ^ U^-^ASr^b^ 
V^>f«©ffllHMb*SiOy (fib, 2>y>0) tc 

A=b b< tt'J^^AS:^-rSi«Sii©S^b^^f5 

jc«y, K^>f3i6©fi«»ff*s i o y {cy^A-f* 

>&®1<$-&T, y^^ASr^'tS^'fflroigMKb 
JfelLix SiOy S:^S*?*T*feS. 3.©^^-f^© 
{gJ»fb^S iO y hbTtiU SiOi.5 (Si2 O 
3 ) , S i O1.33 (S i3 O4 ) > Si OZfctKS i O 

0.5 (Si 2 o) ^©fb^Slififfl^©^©©^ vtfi 
o«fcy^< a^ii©^©^©^©^^^ r 
n^tD^r^mcoimmms i o y riB©j:e>^a 
* ayjgnn-imzfo y sst-r * 3 n ^ffi^So fli-fe, 

(1) ilSHb^^Si02 i:>r>f^S i ilS:^©^ 
& (2) r^fb^-Y^s i O2 &*^H2 ^©STcfS 

^ftMSbtMiTctsm (3) z^b^ 

^iSi0 2 5:mS*©^C^ife®^i:iS-&U tm 

LXfmsMji-t&ijfc (4) >rjmsizwm#x 
ximitwtwmi'Xffifesmt-tzisfc (5) ^ 

>s i h 4 ^©^-f^b^)^xi:g^02 ®«£#x 
5:*im®SX{iX7 Xv^ft^^-lt S C V D^XttX 
7X7CVD^tfe5. 
[0 0 17] X, ^W^©<g3S»fbifeS i O y ICtiU 
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[0 0 18]-*, «»ft*flftSlR»cfflv^»®U^^ 

tig 0D«-e±tffciE^*i^xttA^g?f§^^^«^e, 

SifcjVHJ**. £<^-f*©<5S»{HfeS i Oy /vo 
[0019] apt., ( l ) Wr4 SWXBHaMMfcXtt* 

[0020] ( 2 ) «^r>f 3(W)ffilRgWfc*Xtt*n & £ 
b < ttg&BS-rcWBSffii: bfc%© & bT#* 

[00 2 1] ( 3 ) R*>f *M)ffi»WI*&A«ra4Mt 
«^«Bii?£tt9t£ bTmv^frfc^H^&mS: 

[0 0 2 2] Z.(Dmz LXmbtlZ U f-*Jl&fc } r4fk 
iffb^Lix SiOy SittBSftKfcLTfflV^. - 

a. wssmsatxyvA. mmmzi i S2 , mos 

2 , Nb Se3 qw^ft/I/S^ftfttf*. Mn02 , 
M0O3, V2 O5 , Li x Co02, Li x NiO 
2, Li xCoi-y N i y O2 , Li x Mn2 O4 , L 

i x m n o 2 w&mmm* jku t- <j x jku 
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[0 0 2 3] Wc, ^SWCU^-^A-ft^^jRBMBW 
Li x SiOy feflSMfcTOMn*. *jRy?9AK: 
*N"S«^S&7bH£< (#) fio 1 v«T©*WR«ffi 
mt!B!&&ff% b < *S v a i: v * e>f !Wtfc* bT t 

1 V2 O5 , Mn02 , Li x C0O2 » Li x NiO 
2, Li x Coi-y Ni y O2 ^Lix Mn2 O4 , L 
ijMn02 ^ <DW* 3 VfcV \ b 4 VJgU:©lWlft8: 

[0 0 2 4] rtlfb^lEffiS*^©*"^ ^fijfJBtrt^ 
y^A&^fbTV^VMnC^, Mo03, V2 O5 

mt*J b < li$SrCg«T*Oix«lC J: oT U ^ A £^ 

»«Uf"?A^-?r>f3iaMb<ftLixS iOySrfflV^i 
BHB^J: y*S <, fiolM *;i/&Mt® «fc U/hS 
Mn0 2 ^V 2 O5 S&iE«S^fcb'rJBv^#&K: 

V\, Mn0 2 5:3 0 0-4 5 0' C©SS 

b<«r • /3K©Mn02 SrjEfiKSWSilbTfflV^li 
^{C^Siit , t4*WT^S<DT*«J: U jap* bV\ 

[0 0 2 5] x> ^wcfe-su^^A-g-^^^Sffb 
10 ftLix SiOy *mOl£t&*M£#£- HBti&tf 
Li a Tb L c Od "ffiftS*U fiU TliCo, Ni, 
Mn, Fe, V, W, N b&tfT iCD***6>ai*Mfe— 
iSR±:©^^S7t^ LttB. Si, P, Mg, Zn 

2wjp c u e>si*nfe 1 @a±©7a^T'* y , a , 

b, cl«n*llO<aSl. 15, 0. 8^b + c^ 
1. 3, Ogc, 1. 7gdS2. 5T»y. ^«?>^i 

•fziEMtzmfr'&teitxm^zuzfc*)* 
50 ®c^s^t*vjs$ <im ^;i^o^v^^a*w 



9 

i. 5s£x^3. 9x^i>v^^m^mstimh 
i x siOy ^ms\mtvxm^t~m^^ mm 

to o 2 6] *wmm>iEwmi8L£^xm^t>ftz> 

m&SmfflSLia Tb L c Od mk<D£$lZLX&& 

tf^L<Z)##tt£fett#*<a$Mbfe *®Kbfe&£^ 

fcteggii&^&#B^P6 0 0- CR±tf«, &$■ 
L<&7 0 0-9 0 0' C O^MXWm^t ZZ-tlZ 

iz& wmmi^X-tim&f8.-tZ>z.t*-*!MT-3b 
So it^FfSii, iiS4~5 0f$iire+#T*3DStf, ^ 
J&EfSSriBlU i£Hf fe«>* ^fit Xffl* ^ 

[0 0 2 7] /fflfi^L i a Tb L c Od IdftT, Li* 

±1 sro^c^^ii^^igT^y. X. 

%/ a >*fC «fc »J0<agl. 15 BrtBT'&S.. 
MT£LTte> Co, Ni, Fe, Mn, Ti, 
#£L<> #CCo, Ni, Mn*9fflWW*tt*HHVt 
■fe»J#*U\, B, Si, P, Mg, Zna^Cu^P) 

Tfct, 0<c, 0. 8gb + cgl. 3lol. 7^d 

^2. biz-B^xmm&ofrm omsso avhs 

[0 0 2 8] X iE^SfeSfcLT, ±IB©Mn02 © 
©S^Xte&tfrfbl^tlti L- < «illt}^£ 3 0 0 ~ 1 1 

o 0° cnw&x'imm&\sxn^t\z&m)*m\^ 

[0029] i|^tc. y^AcwWtft. *8fcfb^Xte& 

®*jL< \m&flQ*. 300~450* C<DW$.Xim& 

mhxmbnz&jmzm^&%&^ mmm&m 

SU^2^v>#>®tfb»cfc^T, S«Li x 
MnOy (fiU 0gxg4, l^y^3) T^tvS 

IZ, J:»J^K«!imA^ltlTj3*J, *»J«F*U\ JE 
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scmo^ftio^tcfe^Tt) o<x^ 3 omnttez 
«ic mm^izffiLTtowme>&mtmM<n&&x$ 
-tn-en® u * * l- v n 

fC 0. 05SxS2. 8©#^lC?BfifeeOiNfey>gbK: 
[0 0 3 0] X «8¥gtL-TWU r-^D5* h 

;k*j-#*-k x*7l/**;i/*-jK*-k 

^-f 1, 2-^h^ri/x4fX xh^fcFn 

#^(D#axi±iS^^Klc^i*®ft?Mi: LTLiCl 
O4, L1PF6, L i B F4 , LiCF3 S0 3 , L 
i (CF3 SO2 ) 2 N<j«Z>U^-9i*>f#>jSRttttatS: 

SrB^S-frfcl^fHf^S^JC&SVMiL i 3 N, Li 
I *0*SflMWW*HK»* <Z> 'J ^ f ^ * 

x^;i/#-7tf*- k x^;i/^^;i/^-7K*- h^co^ 
WT^*^*-**- hCO^l^^lCL i P F6 , Li 
CIO4, LiBF 4 XttLiCF3 S0 3 f©tl:S 

■»m t )vmao>g;^mMtm>otiz><DX\ #ic#*l 

[003 1] 

snfey^^^^attMsiftL i x s i Oy zmi 

ix S i O y ^CDU^^A-f^^CDlSjiSKffi^ 

ML1VJWT) T^feU, !S«iE£aoi«;x*;i/^-SfS© 
[0 0 3 2] ^ 2gxg3. 9lC^V^^C®{i^ 

[0 0 3 3] 



(7) 



9- 7 6 3 8 



11 



12 



[0034] sic e^t, i &ttffim-zmaz>ttMT 

U-h-di 'J A7#-f 1 4 mm{c£Tt>feV 

*MWJtB5«:N i ;* y * bfeX^> l/^^O^M^- 

y, #JB«5 fcftUB«r-* 7 fcttftb 
«ftttKL»ttl/rn*. 4tt7KU^Dt:i/>©#?LSt7 

l J E;i//llS»Lfe*>ffl&JBv*fc. -T-xH-fe;i/CD^S 
tiU ^2 Omm, 6mmX*feofc, 

[0 0 3 5] «UB«5li$C©«8CbTfEKUfc. rftHK© 
-mtT^m (S i O) &gfl»[#IC.J:»Jtt&4 4 Mm 

feo 3©?g!^{c#®f!li;UT^7r-f *£**!l 30 
£LT#U:7'yfbt^yx^£*^ftS*i£4 5 : 

4 5:i o<D%fex*-m£VTwmm&m£ist~. mz. 

Z.(DWmW&M*. 2ton/cm2 . 0 5 mm 

mtiO. 3mmO)^l/«vh(C*nEE^LT#ffl^5$:^ 

Ri= (Eo n -E n ) /I 
XI* (Eo n * -E n 

TS i O&^^S i OCDf^by{C^®fHi:MD^V 

[003 8] H2*tf3*»&lfl&;fr«5HBC. U^^A-g- 
M>T<<Wb&M^ ix S i Oy S:iS«g£-f 
0. 5mA/cm2 Rh©^m8gmST% U^?,WC*f 

u o ~ 2 voDm^s^T-^BBcmbfc^ i b a ©^a 



[0 0 3 6] 3^CLTf^S{bfc^h-fe;i/&0. 0 

»taa*i*«b5fW> ®^ii:®£2. ov®^t??br 

02 IC iJ->fi';i^f4S:EI3tCgtL/fe 0 X, TBB©*«s 

ee, Mi2&«£E («nm<a) (rtaSBK) ©B8# 

SrW^fc. ftmt. 0. 0 7mA©g®ST'5. 5B&I8I 

xiiSEtf o . 005V \zmt srana^v > WM3Wt 

U -?-0^«EEnS:S!lS-t-5. «CKHlD»8:l»*«ft 
0T*4 8B#H3ScHLfe^ -^©m^ffiT*©Mi!&SEE 

TBSPHStfO. 5B«aiKTta:ofeb^ni«»S:0. 0 

M#o. 5^«Ttc*ofe6>^®^Ti:1'So & 

icifcm, o. o 7mA(DS«^"e5. 5^raxi*Sffi 

#2. 0 0VK^**fi»l^VM*IBttMiU *<Dm% 

IfifflffltUfelft. -£©«f&RJ&T-©liBJ&«EEE o n ' (* 
ttttti) Srii^S. Z^&^yilb, -®(DKC«^ 
«<0. 5^r^TtC^ofee>iJC««8KS:0. 0 15mA 

0. 5^Fr^JWTtc^ofee>]Eft«*IT^'t^= r©^(cb 
T#e>*lfeE n , Eo D , E n * > Eo n * 
m I c X«SC«®J!E I d A^WSPSS/tR i 5:TSB© 
(1) j>(X'&ibr~, r©^cLT#e>ixfc^KL i x 
S iOcz)xi:^EEft«S£e> HflSS«ffi 

[0 0 3 7] 



) /I d • - • (1) 

T* S i O y 1 =t;i/^fe U«&4 ^;i/<Z)L i #:/jWRJ8cS 
40 tU x = 4j^D«$tl^ l@a©JJC«T'i!i<j2. 4~ 
2. 5^;K3!>Li>f^^]6J(ffiS*ll. 5~1. 6^1/ 
©U^^A-f>«->^]fiS[ffi$tli^^U x=l. 5~ 

i. Qimmzfr&o zoymmai&mKzvmmz 

9 )ix*ffi&v?-vM*yft>2 : zfr£f&'')* &$&z%.k 
Mm?z>^£* l frfrz>° Ei4&o f 5^e>x=i. 

5~4#lCx=2~3. 9KfeV^TBWI«BE4:^SWtEE 

tZZl©«gHT*#tcmffi!»M£^ (#) ZLHtfftfrZo ap 
50 U^i»*&^r>f«aWfc*Lix SiOy Sr*S«Wt 
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£^5®IIlil»3^iv£*gx*>U. 5-4. 0#{C 
2. 0-3. 2lZiS^X&ffit)WZ<tttCmfflfm 

[0039] 2 ) 0 6 li, *5§WlCfeS#N7KS 

*fcyftlXbfe*»©T**. 13 lis «&fe©*3WllC#<5 
icj: U*Wr-x l 1 fc**34vtv**. 1 7H0MMtf 

1 6 icj: UjEKr-* 1 7 idK£3ftT^«. 1 4 »jK 
yynfcri/>©#?L4t:7-f ;W^(b&5izAl/--#-e& 
»J, «WWW«*»a*iTV^. 1 8&jtfU7ntfl/>& 
SflcfcTOttilry MJ*»J» l l i:lE«r 20 

fcRPSfc, iE»r-^BBPl»«W«K:#f l J ftJf 

*-jK*-h©»«Iti : ia£ttKlc*7yfcU>K 
U^t7ALiPF6 fel ! EJI//li8J»bfefc©«:MV* 
t=.o WtottStSt*, #412 Omm, «1. 6mmT* 

[004 0] ftgl3 H*©tWCb"ttf*bfc. TUBS© 
^9 9. 9%CD-|WKr>f*SiOS:aiWK*»C<Ssy 30 

*itc*g«2Hli:bTy7 7T>r h£, miBMt. LX$mm 

yv v/vffimmf7v%Mmzmm}t4: 5 : 4 o •. 
1 5 <Dm&x*me?Lx£m&mz. l, mzzcmffi&m 

&2ton/cm2T'Sil5mm, f$0. 14 — 
0. 2 0mm©<^l/<S'hlCftlEJ&t?b-&. MIDAS'* 1/ 

-xiucgapu 2 o oict* i omm&tiommh 

ffiilbTJBVVk. 

[0 0 4 1] i&fil 5 bTfl*bfc. 35®Wb 

n±V^LsVz O5 fte«(JlWtfCJ:»;ttft4 4MinJStT 
KttW^bfefcc&flHWfcbTJBv^fc. z:©?S#K 
tC#«3!li: bT 7 T >f h Sr. J^fflil bT^^T 
^U*IIBIKft^o«Bl^ttMBfc8 0 : 15:5 
<?ffl£X'W&LX]Em£8l£ U &K£©IHI£*!IS:2 
ton/cm2ftil6. 2mmJ?30. 5 1 — 0. 50 
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5 7 mm©^l/7 MCftEOfc^Lfefft. 1 0 0*CT 1 0 

ftmmtjammLtttoziEmz. b&. 

[0 0 4 2] 44WNva. SiCHil/fe'Jf^^^ 

AffiS^M*© S i tiPE/l/ttL i/Si 0t£tv€?l 3 . 
6, 4. 0. 4. 2 6, 4. 5, Rtf5. 2T*feS5^ 
^©«?lfiA 1 -A 5 &#SS!bfe. ^©«lCLT#S5!StV 

fc@*t&&, ^T»ianat8»x-.s;>yLfe«. tib© 

^Scm^&^ofe. iCDX-S/^fCfcoT, AH© 

jc»rv&z:i:ic«ky-a©^iJS?as:^u ^isstt 

KStlU^-f A&-ft«+*^SlW)IWfc*L i x S i O 

[0 0 4 3] 'JllbCDllSfi&O. 4 — 1. OmAffitt 
UfcT*. asS©**lh«BE3. 5V=bb<l*^S«*tlhBSfai5 

IC^bfe. X. «?tfeA2&t) { A5©^6JC®im5:ia7~ 

8ic3tbfe B net. mt£fr49Mtttmfrb*.*-hi, 

[0044] &lRXm7~SfrbWbfr%$&^ Li 
/SiJ£#4. OJ^JA&VW&AS, A4&0A5T? 

*K»£U ^SSWBa**MSv\<J!)(C*fU Li/SiJtStf 
4 . 0 jeAT©*SW3©«fiA 1 BtXfA 2 T? W#6®*&# 

«*b-cfe&"f. mmmim<. mmamtmn 

[0 04 5] 
Ml] 



« ft 


Li/Si 










(■Ah) 




A 1 


3.6 


22. S 


0 


A 2 


4.0 


25. S 


0 


A 3 


4.26 


26.0 




A 4 


4.6 


25.3 




A 5 


6.2 


23.2 





[0 0 4 6] (93)60! 3) #§efi&» iEKSJWti: b 
Tz^fbv>#>Mn02 trEV^S^T***. HSIM 
2©iE^l 5, fmi 3&tWKW»©fW3yiCTK©J: 
^(cbTffiHbfeiES. AmSLl^m^^ffl^feo X, 
«?fi<3[)^:S3tt^6. 8 mm, J?S2. 1 mmT'feo 
tzo -€-©flfi{i, ^6W2fcra«tCbTra««:«?aS:f^l 
bfc. 

[0 0 4 7] IBffitt&©8HcbTfESbfc. S^^fb 



(9) 

15 

V>#>Mn02 m^OO' CT?6t$E3$#3Ib 

xm^nfer • )8-Mn02 *tffim.hL>xm^t~. r 

1 5 : SOM&XU-SLXlEffi&MtL. mzZOsEU 
^i&2t on/cm2 0 5mmfS0. 6 

9~0. 8 7mm©^by Mc2inffi$3£bfel& 150 

ice- 1 o mimBfflmmLttn ziEmt tfe. 

[0 0 4 8] MB*. ^166092 hlHb-&5!J&2t on/ 
cm2 T'itl4. 05mmJ?30. 24~0. 40mm 10 

tmffl^Xffif^&<»V?-y&7* y ()lZWM4rnrn 
lC£r*>feV^fc©£jEiU 'Jf^A-ftl^l^y^ 

[0 0 4 9] «8??80i. x^i/>#-#*-hi:x^;i/ 

6 fcl^/l^bfefc©?:^*:. 
•Ct;^(lM2i:ll^ ^MgicaUfbfeU^AhiMiiS 
^Wgtptf) S i <D^;i/J£L i/Si #-£*l-£fl4 . 0RX$ 
6. 0T*&S2^©mBl&tfB2?:tf^bAco 20 

im^-ox^m^m&^niEmK^^ii^m: 

;*; U f k&hsEW&V? ytfy<DWtt L i /M n \t 
mi (0. 9 1~0. 9 9) &&&4KlCAttd*ttft. flt 
JgbfeU idKtfia«^SII»bfc-©*K b 
Tf^StlfcftffitCoV^O. lmA<D^«SfST\ ^5® 

1 OfC^bfe. 

[00 50] 129^1 O^&qg&^ftWC. Li/S 
ijfc#4. 0<k»J*^«8SB2-t*li> rtgP^(Cj:-& 30 
aWFA#»£bTfc»K X2iM?;i/B«l$©5fc®g 
*©{6T#=£bV^ £ftfc**U Li/SiJ*#4. 0 

[00 5 1] (HSM0II4 ) *£S609l*. IHKSiMtfc b 

T*&£, &t$g2©ft«l 3, iEffil 5&tf«8®ig©fi 

&«nfcSJ0M*. ^092fcR«tcbTH#&m i S:# 
Kbfc. 40 
[0 0 5 2] *M»i&©#tCLTtf*iLfe. »B6W2 i: 
NbAH^J^VNT. 2 t o n/cm2 T'tt^l 5m 
m> f2 0. 11~0. 2 Ommffl^V"; MC#|]ffiJ?S3£ 
bT 3©ft^ 2 

lWftaB(Wf**:«yA«r-^^«»^ 2 0orT- 
l o^^ffiiK^lbm ioas^l/v h0>±Ki 
mSJS^U^^A^^^f^SrE^l 2~14mmlCtT 
*>&V^fc©£IBibfc. £©S»Cl/C#&*ifey*-tf 
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[0053] !E»Mfc©»K bTtf^ b &. *BW t 'J * 
^LiOH- H2 OfclWfcart/l/hCoCOa ilSHC 
*f*B2 O3 &Li : Co : BC'EJl/Jfctfl : 0. 
9:0.1 i:&*«ttCfl*U fl^fefflVNt+^iS^b 
fctfc. 3.01^1?:^ 8 5 OTCfflttflTe 1 2 ttffi/M 
MMAU *«4 4*inJ6nnc|WW«bfc. 

^gLiCoo.9 Bo.l O2 Hltlfe. 

[0054] zn&mziEWimmtu znizmm 
mtLx^yr^h^ mmthxy-omuaxf 
mmT9V)m®m^zm&it8 o:is : 5©#j-£ 

T?«^bTiEK6*l4: U ftC£®jEB6*lt: 2 t o n 
/cm2 T»JSCS1 6. 2mm^3 0. 5 1~0. 7 0m 
m©^ L/yh tCiUJE^bfc^ 1 0 0 VX 1 0 BffiBK 
jEM&^bfe*>©&lE*Ii: bfc. 
[0 0 5 5] WBlttix* hfcS?x*7b 

U^ALiPFe &l 5 E/l//l»»bfcfc©fcJBv\ 

Rpp©S iCD^^/Jtxa > lE^&tiPiJt&U^AS 

(BSPIWWKOS KD^Jtxc Mx a +x c *Pf*V* 

[0 0 5 6] £©WCbTfERS*xfc«»«:. ^ST'l 

u >v vw^wm*wmxm^wgmz.?&fo5> * t c * 
y-a©^gpm?tfiS:^tb, •wanfcy^f A7#>f 
^/ttaajwtu ^«©s io*craBs*iy 
^m^zT^momtynL i x s i o&^bfe. 

[0 0 5 7] Z.ixej©«?fi*: 1 mA©^®SST*, 
iiilih®£4. 2Vfcb<li^mitB#fS5 0B#|& MS 

iOilt^bfe'J^^A-r^K^W MCfeSlWUfr 

«S?W»&*2K3bfe. X. WftC62KXC7©as»[ 
®RffSS:0l 1 — 1 2tc^bfe» i& ft&MfrJ 9 Mi 

[0 0 5 8] ^2&?>BI1 1~1 2*>e>W&*^^C > 
^MM«C|tM©L i x S i O y H3©H8y*-#i«*x# 
4. 0J:y**<«S*«ftC2, C4. C7, C 1 OR 
OfC 1 l Tftt. ^> h^rittciSWaHBH^BH 
©^flTPAS'ft&U ^!*®W*MSv^©tc*fb, x*^ 
4. 0JWT©*WW©W6C1, C3> C5. C6. C 

8&tfc9x\tftm*B.im&.hx]s<b?> mmm 

[0 0 5 9] 

m2) 
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(10) 



<®m* 9- 

18 



7 6 3 8 



n m 


mmum 


mmum 


ftLiftx 






X ft 


X . 


( X .+ x .) 




C 1 


0 


4.0 


4.0 


0 


C 2 


0 


6. ft 


5.9 


* 


C 3 


0.5 


3.4 


3.90 


0 


C 4 


0.6 


3.76 


4.26 


* 


C 6 


1.6 


2.1 


3.6 


0 


c a 


1.6 


2.6 


4.0 


0 


C 7 


1.6 


3.0 


4.5 




C 8 


2.0 


1.5 


3.6 


0 


C 9 


2.0 


2.0 


4.0 


0 


C 1 0 


2.0 


2.5 


4.5 




C 1 1 


2.0 


3.0 


5.9 


* 



[0060] (mmm 5 ) #mnm\±. mm* ©ies 20 
[0061] ^mmoiEmmm^comzLxfm 

Ufeo *mfbU^^^LiOH- H2 O££«&3r0l/h 
C0CO3 trmtTJ MS i 0 2 &Li : Co : S i 
CD^Ufcbtfl : 0. 9:0. 1 i:fe5^(CffiU 

©*&KT* 1 2BMBUWMAU JWMft. *&«4 4(tm« 

TL i Coo.9 S io.l O2.05©»fifiSafil*&#*"*l*6 

[0062] x^l/ hi:x^;i, 

*^;i/£-**-h©ttmfcbl : lil^^tCLiPF 
6 fcl^/lj^bfefcOfcrn^fco 3©*&CLT# 
^tlfc^fitcov^tj, |gJfe#l4£:|SI$HClmA©5£« 

mx^m<Dm±n&4. 2 v. im<m±n&2. ov 

&&1 5~2 5%l®6nU 3fc«5Fa©$8£WW*JJ>Lfc. 40 
tf, ^Hf©Li x SiOy ffljS'JffMxjdU. 0 

[oo6 3] (^ssw6) *mmi& lEmmmt u 

XV^U^M^yilyW\\M*ft^T=M&X%>&. ^ 

[oo6 4] iEiffl*tk<?MfcLxfmvfco mm=mt 



Mn : L i CD^l/Jttf 1 : 0. 3 t&S^CiS^-Lfc. 
^©iS^?:*^^ 0 0" CT*6!$r^8$yib"t 

7:10: 3fflfJ^-ea^UTiE«^Wi:U #tfC~© 
iEfli^SIS: 2ton/om2 T?gDfI4 . 0 5 mmj* S 
0.8 3 htC4HEEJ*3^Ufelfe 1 5 0°CT* 

[0 0 6 5] flflRftli. x*-l/>5&-Jl?*-hfcx^;i/ 
*^;WJ-3tf*-h©#«fcfcl : 2il^»CLiPF 
6 &l'E/b/li«»Lfe : fe©$:J§^fc. X. A»CSW 
U&U^9^>2:MKSfHtf>®S HD'EAJtL i/S i 
tt3. i> JMBcioTIEWc-fttfSft***';** A 

>©^;ufctL i/Mniio. 7 3 j:ft«WcMdM 

[0 0 6 6] iOWCUTWSDl&jERbfc. X, It 
*P^fe«&«)!ICBWbV>3ff>&*i(C*4 0 0" CT* 6 B# 
mtoUMLXmbtifry • /3-Mn0 2 SrlEJIiS^IC 

(d 2) tvxm^t~m*D i tragic LtH^mass 
D2&«tfc. n©faifc bximztit-wmiz-D^x 

0. ImAOjeWKTf, ^«®i^lhmE3. 3 V, ftft 
©i^itSffi 2 v©^T-?E6x*!M * A'ftf? o fe. 
fcS®2*-f^-fl/B4:l 0 01M*/l/B<0flMISfl*fc* 
3lCStL/fe. 

[0 0 6 7] 

[«3] 



(11) 

19 



« ffc 


» m m m. (mAh> 




10 0 w* 


D 1 


2.17 


1.6 1 


D 2 


1.27 


0.56 



[0 0 6 8] *3*»e>l||&J&NM*fc. jEBHSttJtfcb't 
[0069] 

nr.rmm<D^mmmt lt»**#l i x s i o y 

[0 1 ] AWSftR^ttlfflMIKiffl^fe^ h -t/wm 
[02] ^WciSAffiS^K^l^^^B^^BK 
[03] 4^CJ:&j«BSW<0^a*«^-f^M«tt 
[04] *^c**iflHS4«©raKas«^«OTl/ 

[0i] 



«KfM¥ 9- 7 6 3 8 

20 

[05] 4^^**AflBS««^^?iWM9tt*n%L/ 
fclftf£0T*&S„ 

[06] 4^KlfiVxT^bfe«»©l»ft®-<9ft7i< 
UfeSWB0T?&£. 

[07] iEKC3afc{fc/tJ-S?9AfcMv\ 4tB0Vf"Sr 
AilS iCD'E-n/JtL i/S iS4T»***»WfCJ:6fll 

[08] IE(Bc2aWly^y^AftfflV\ 

S i CPEMbL i/Si>4 T-&5«fttf>3 ! S&fc®i ! S 
^&^LfcHi^0T*&S„ 

[09] mmKrmt-ryxyzft^ wmhwyi* 

4: S i (Zre/l/JfcL i / S i ^4 T'fe<5*56^lCiSS?fi 
©?BS^#fi£^UfcmW0T*&S. 

[0io] JBBcraWt^>if>*Mvv. MOUff 

i»£S iCD^l/JfcLi/S i>4T?&&flftf!W>?lS&!c®|J 
[01 1] E!»:y**A«r£#**»ffcWlWbtt«: 

[01 2] iEWcy^-^A«rft*"i-63»A«IWb*«: 
fflv\ a«©tfcy^^Li/Si>4T**Wl8fl> 

[^©mra] 

3, 1 3 nm 

4, 14 -fe/Xl/-* 

5 fftBS 

6 fftSSftttft 

7 ftmwtr-* 
8,18 Xxtrv h 
1 1 -SiWfr—T- 

12 

1 5 jEfi 

16 ehm* 

l 7 iEBKr-;* 



[02] 



1 *» <LI«8IO> 




to 



(13) 



9- 7 6 3 8 



[H9] 



II 0] 




(72)9§^# Sill 3HSf 

»WMMttr&**eB^« 5 T B30# l # 

ft 

(72)5§^# ffl- 

•&^®flH#riT*eEB#S 5 TS30# 1 * 

ft 



